Seismic data carries important information on subsurface geology and rock properties. When properly processed, imaged and analyzed, the seismic data becomes a vital source of information for the characterization and assessment of shale heterogeneity, in-situ stress and brittle/ductile quality. Applying established and recently developed technologies, we generate, visualize, and map structural attributes, frequency dependent attributes, stress attributes and rock property attributes. The process of integrated analysis and interpretation of these attributes is the key to understanding the target shale formation, identifying and ranking the prospects, and making seismic data more relevant in the exploration and exploitation of shale resource plays.
Introduction
Shale is highly heterogeneous in nature. This quality brings challenges in shale reservoir exploration and production. Geoscientists have been searching for solutions that can determine and qualify the "sweet spots" where the production and recovery rate are the highest in the shale formation.
In this study we incorporate available seismic data and well data to generate, analyze and interpret a variety of seismic attributes to visualize, extract and map the shale heterogeneity, in-situ stress and shale brittleness in an Eagle Ford shale data set.
The Eagle Ford Project
The Eagle Ford shale is located in the Western Gulf Basin and trends across South and East Texas. This Cretaceous formation and has been known as the source rock for the Austin Chalk oil and gas formation. The seismic data covers about 130 square miles across Karnes county and Live Oak county and was acquired by Seitel. The seismic survey is in the primary production zone of a wet gas/condensate window. There are two existing wells inside of the seismic survey. The seismic data is processed through full azimuth prestack depth migration with continuous azimuth reflection angle gathers as the primary outputs. This imaging process constructs the full azimuth gather "in-situ", to avoid the approximations associated with widely deployed sectoring procedures.
The objective of the study is to derive critical properties required for well placement and hydraulic fracturing program design, such as shale brittleness and in-situ stress.
Methodologies
Full azimuth reflection angle gathers are generated in depth by decomposing the surface recorded seismic data with a rich"in-situ" ray tracing procedure. This data is used as an input to generate different three types of attributes: 1) seismic attributes generated from the stacked seismic amplitudes; 2) seismic attributes generated from the reflection angle image amplitudes and 3) seismic attributes generated from full azimuth and full angle amplitudes.
1. Seismic attributes derived from stacked seismic amplitudes. The stacking process sums amplitude data along the reflection angle and azimuth directions to optimize image quality and the signal to noise ratio. Poststack seismic data and its derivative attributes can be used to identify geological structures, such as formations and faults and observe changes along a geological formation. Evaluating a variety of poststack seismic attributes, we select a few which showcase the structure style and lateral and vertical changes in the shale formation. These attributes include curvature, trace shape (facies) and spectral decomposition. Figure  1 shows an overlay of the curvature and facies attributes along the Eagle Ford interval. The color represents different trace shape (facies). The major faults in the area are clearly defined with the curvature. Trace shape attribute indicates variations of the seismic data and reflects the shale's compositional, depositional, and structural heterogeneity. 3. Seismic attributes derived from full azimuth and full angle amplitudes. Seismic attributes derived from full azimuth and full angle amplitudes sample the directional properties of the shale formation. These attributes are generated by HTI (horizontal transverse isotropy) inversion procedures and include those that operate on residual moveout data (RMO(Z)) and those that operate on amplitude data (AVA(Z)). The HTI velocity (residual moveout) inversion attributes measure the azimuthal dependent behavior of effective velocity while the AVAZ attributes measure the changes in amplitude variation with reflection angle and azimuth. These attributes provide information on stress intensity and stress orientation. A prerequisite for this in-situ stress analysis is the recovery of subsurface azimuth during the seismic processing and imaging stages. A full azimuth common reflection angle domain imaging technique is applied to the Eagle Ford data to preserve the subsurface azimuth while maintaining the amplitude integrity. A primary output of this imaging process is full azimuth reflection angle gathers in the depth domain, which serves as the input to the processes of HTI velocity inversion and the AVAZ inversion. Figure 4 shows the result of the AVAZ inversion (stress intensity and orientation) co-visualized with the curvature attribute with the stress vector superimposed. The warm color maps the zones with higher stress contrast. 
Conclusions
Seismic data carries critical information related to rock properties and much needed for prospect identification, ranking, and well planning. Applying established and recently developed technologies, many attributes can be generated from various seismic data reconstructions including structural attributes, rock property attributes and anisotropic attributes. Integrated analysis and interpretation of these attributes enables geoscientist to understand the heterogeneity of the studied shale formation, estimate and map the 3D distribution of shale brittleness, and recover stress intensity and its orientation. When properly processed, imaged, analyzed and interpreted, seismic data becomes a vital data source for the exploration and production of shale plays.
